1. Background {#sec206627}
=============

Traumatic brain injury (TBI) is a worldwide public health problem which can result in long-life disability. In Iran, the incidence of TBI is 56.3/100,000, 30% of which results in disability ([@A23869R1]). Patients inflicted with TBI have been shown to be at increased risk to sustain future TBI ([@A23869R2], [@A23869R3]).

In spite of several studies regarding single occurrence of TBI in the past decades, there are very limited data about repetitive TBI (RTBI), especially in developing countries ([@A23869R4]-[@A23869R6]). Almost all the studies in this field are about incidence, patterns and complications of RTBI in athletes (soccer players and boxers), with an incidence of 5.9% to 36% ([@A23869R7], [@A23869R8]). Saunders et al. retrospective cohort study in USA showed that the rate of RTBI was 4.2% and prior TBI severity and epilepsy/seizure disorder seemed to have a significant relationship with RTBI ([@A23869R5], [@A23869R6]). This gap of data is very significant in our country, so that in spite of many studies regarding TBI in different parts of Iran ([@A23869R1], [@A23869R9]-[@A23869R11]), there is no study considering RTBI. This gets more serious when we note the high incidence of road traffic accidents (RTAs) which logically can result in repeated incidence of injuries.

2. Objectives {#sec206628}
=============

The aim of this study was to present detailed information on RTBI in Kashan, Iran.

3. Patients and Methods {#sec206629}
=======================

Kashan with a population of 420780 (376138 urban, 44629 rural) is located in the central part of Iran. Shahid Beheshti hospital of Kashan University of Medical Sciences is the only trauma referral center in Kashan with 7000 annual trauma admissions per year.

In a longitudinal study during one year (March 21, 2012 to March 21, 2013), all the patients with traumatic brain injury who were admitted to the emergency department of Shahid Beheshti hospital were examined by a physician in emergency room and also investigated for prior history of TBI, based on patient's self or family report as well as previous patient\'s medical records ([Figure 1](#fig38054){ref-type="fig"}). All the RTBI patients underwent brain CT scan study for evaluating probable TBI structural injuries and were examined by a neurosurgeon. Patients who died in emergency department were excluded. Data including demographic data (age, gender, occupation, residence area, education level, insurance status, past medical history, and accident location), TBI severity, injury cause, patient\'s signs and symptoms, CT scan findings, duration of hospital stay, and ICU admission were recorded. TBI severity was classified using Glasgow coma score (GCS). Injury causes were defined by international classification of diseases, 10th revision (ICD-10), external causes of injury codes. Quantitative data were expressed as mean ± standard deviation (SD) and qualitative ones were expressed as frequency and percentage. For statistical analysis, SPSS version 17.00 (SPSS Inc., Chicago, IL, USA) software was used to calculate chi-squared test, chi-squared distribution, and odds ratio. P value less than 0.05 was considered significant.

![Consort Flow Chart of Study](traumamon-21-04-23869-i001){#fig38054}

4. Results {#sec206630}
==========

A total of 1629 patients with head injury were hospitalized during the study period and 41 cases had prior history of TBI (2.5%). Since Shahid Beheshti hospital is the only trauma and neurosurgery center in the region, to our knowledge, there was no other case of single or repeated head injury that would not have been recorded. Considering this data, it can be concluded that the incidence of single occurrence of TBI was 387/100,000 (398/100,000 in urban and 288/100,000 in rural regions). The incidence of RTBI was 9.7/100,000 population (9/100,000 in urban and 15.6/100,000 in rural regions). The mean age (± SD) was 36.6 (± 20.6) years and males were more commonly (97.2%) involved than females. Eleven patients were under 24 years old (26.8%). The education level of 63% of patients was under high school diploma. Twenty eight patients (68.1%) were transferred to hospital by emergency medical service (EMS). Ten patients (24.4%) had comorbid medical conditions. Four patients had preexisting seizure/epilepsy disorder (9.7%). Fifteen patients had pervious ICU admission due to prior severe TBI (36.6%). Thirty-nine percent of patients with RTBI had associated injuries. [Table 1](#tbl52166){ref-type="table"} shows the characteristics of patients with RTBI.

###### Characteristics of Patients With Repetitive Traumatic Brain Injury

  Characteristic                                  Values^[a](#fn54954){ref-type="table-fn"}^
  ----------------------------------------------- --------------------------------------------
  **Age, y**                                      36.6 ± 20.6
  **Gender**                                      
  Male                                            38 (97.2)
  Female                                          3 (7.3)
  **Occupation**                                  
  Child less than 6 years old                     4 (9.8)
  Employee                                        17 (41.5)
  Farmer                                          3 (7.3)
  Unemployed                                      3 (7.3)
  Student                                         4 (9.8)
  Businessman                                     4 (9.8)
  Housewife                                       1 (2.4)
  Others                                          5 (12.2)
  **Education**                                   
  \< High school diploma                          26 (63.5)
  High school diploma                             13 (31.7)
  College and above                               2 (4.8)
  **Residence**                                   
  Rural                                           7 (17.1)
  Urban                                           34 (82.9)
  **Accident location**                           
  Street, Road, Freeway                           28 (68.3)
  House                                           9 (22)
  Workplace                                       2 (4.9)
  Sport place                                     1 (2.4)
  Village                                         1 (2.4)
  **Driver**                                      23 (56)
  **Type of transferring vehicle to emergency**   
  EMS Ambulance                                   28 (68.1)
  Others                                          13 (31.7)
  **Pervious ICU admission**                      15 (36.6)
  **Comorbid conditions**                         10 (24.4)
  **Preexisting seizure/epilepsy**                4 (9.7)
  **Concomitant injury**                          
  2+                                              3 (7.3)
  1                                               13 (31.7)
  None                                            25 (61)
  **ICU**                                         4 (9.8)
  **Hospital stays, d, mean**                     2.8

Abbreviations: EMS, emergency medical service; ICU, intensive care unit.

Values are expressed as No. (%) or mean ± SD.

The main cause of RTBI was RTA (68.3%) and motorcycle-related accident comprising 41.4% of all the causes. Twenty-two patients who were traumatized in RTAs were drivers (78%). Patients with RTBI in RTA were younger compared with the ones who had sustained RTBI due to other causes. The mean age of patients in RTA and other causes were 32.3 and 44.8 years, respectively. [Table 2](#tbl52167){ref-type="table"} shows the causes of injuries in patients with RTBI.

###### Causes of Injuries in Patients With Repetitive Traumatic Brain Injury

  Cause                                                  No. (%)
  ------------------------------------------------------ -----------
  **Road traffic accident**                              28 (68.3)
  Pedestrian-motorcycle                                  3 (7.3)
  Pedestrian-car                                         2 (4.9)
  Bicycle turnover                                       2 (4.9)
  Motorcycle collision with car                          8 (19.5)
  Motorcycle with heavy transport vehicle or bus         1 (2.4)
  Motorcycle collision with fixed or stationary object   2 (4.9)
  Motorcycle turnover                                    6 (14.6)
  Car collision with car                                 1 (2.4)
  Car turnover                                           3 (7.3)
  **Fall**                                               10 (24.4)
  Fall from animal                                       1 (2.4)
  Fall from chair                                        1 (2.4)
  Fall on and from stairs                                1 (2.4)
  Fall on and from scaffold                              1 (2.4)
  Other fall from one level to another                   3 (7.3)
  Fall on same level                                     3 (7.3)
  **Sport**                                              1 (2.4)
  **Violence**                                           2 (4.9)

Headache was the most common symptom (80.5%) and post-traumatic amnesia was the most common sign (36.6%). Seizure was seen in 7 (17.1%) patients. Ten patients had GCS ≤ 13 (24.4%). Seventy-four percent of patients with post traumatic seizure had GCS ≤ 13. The chi-squared test results showed a significant correlation between moderate and severe head injury (GCS ≤ 13) and post-traumatic seizure (P Value = 0.005).

[Table 3](#tbl52168){ref-type="table"} shows symptoms and sign of patients with RTBI.

###### Symptoms and Sign of Patients With Repetitive Traumatic Brain Injury

  Symptoms and Sign            No. (%)
  ---------------------------- -----------
  **Headache**                 33 (80.5)
  **Nausea and vomiting**      6 (14.6)
  **Post-traumatic amnesia**   15 (36.6)
  **Loss of consciousness**    11 (26.8)
  **Seizure**                  7 (17.1)
  **GCS 14 - 15**              31 (75.6)
  **GCS ≤ 13**                 10 (24.4)

Abbreviation: GCS, Glasgow Coma Scale.

Eleven patients had abnormal CT scan findings (26.9%). [Table 4](#tbl52169){ref-type="table"} shows CT scan findings in patients with RTBI. Out of 41 patients, 15 (36.6%) with abnormal CT scan had post-traumatic seizure. The risk of post-traumatic seizure in patients with CT scan abnormality was 5.1. The chi-squared test showed a significant relationship between CT scan abnormality and post-traumatic seizure (P. V = 0.005, OR = 5.1, CI: 0.92-28.5).

###### CT Scan Findings

  CT Scan Finding               No. (%)
  ----------------------------- -----------
  **Normal**                    30 (73.1)
  **Brain edema**               1 (2.4)
  **Epidural hematoma**         3 (7.3)
  **Subdural hematoma**         1 (2.4)
  **Subarachnoid hemorrhage**   1 (2.4)
  **Contusion**                 3 (7.3)
  **Skull fracture**            2 (4.9)
  **Total**                     41 (100)

5. Discussion {#sec206631}
=============

The majority of repetitive brain injury studies in the world have been carried out on athletes (soccer players and boxers). The RTBI rate in athletes was 5.9% to 36% ([@A23869R7], [@A23869R8]). In this study, 2.5% of all the patients with head trauma had prior history of TBI. This rate was 4.2 % in Saunders et al. ([@A23869R6]), 7.4% in Annegers et al. ([@A23869R12]) and 25% in Whiteneck et al. ([@A23869R13]) studies. Our finding was similar to that of Saunders et al. (6). In comparison to our study, the higher percentage of RTBI in Annegers et al. ([@A23869R12]) and Whiteneck et al. ([@A23869R13]) studies may be due to the method of RTBI assessment. Annegers et al. ([@A23869R12]) reported RTBI in patients who had seizure after TBI using medical record review. Saunders et al. study ([@A23869R5]) showed that seizure increased the risk of RTBI. Whiteneck et al. ([@A23869R13]) recorded pervious traumatic brain injury in hospitalized TBI patients with using self-reports of knock out or losing consciousness in response to past medical conditions query. In addition to athletes, RTBI rate in prisoners was higher than in other populations. Schofield et al. ([@A23869R14]) reported an RTBI rate of 62% among prisoners.

The incidence of RTBI was 9.7/100,000 in our study. On the other hand, the risk of RTBI in rural residents was greater than those of urban areas, while the incidence of single occurrence of TBI in urban areas was greater than that of rural areas. Yates et al. reported that the incidence of a single occurrence of TBI in urban areas was greater than that of rural areas in UK ([@A23869R15]) (826.9/100,000 in urban, 223.8/100,000 in rural). This can be justified with poor socioeconomic status of rural residents and lack of access to advanced medical and rehabilitation facilities for brain trauma in those areas.

The mean ages in this study were 36.6 and in Saunders et al. study it was 44.4 years ([@A23869R6]). The age range of brain trauma in developing countries such as Iran and China regarding their different lifestyles and RTA incidences is lower than developed countries ([@A23869R16]-[@A23869R21]). In addition, the mean age of RTBI in this study was higher than the mean age of single occurrence TBI. Rahimi-Movaghar et al. in a population study ([@A23869R1]) reported that the mean age of single occurrence TBI was 28.7 years; 50% of patients with TBI were 25 years old and younger, while in our study 50% of cases were 34 years old and younger.

The age period from birth to 24 years is called cerebral development age interval, in which brain grows up and matures completely ([@A23869R22], [@A23869R23]). According to the center for disease control (CDC) report, 51% of single occurrences of TBI occur during the period of cerebral development ([@A23869R22]). Head injuries in this period impair brain development and cause cognitive and mental problems ([@A23869R23]). In the present study, 25% of RTBIs occurred in cerebral development period. This shows higher risk of patients with previous injury and may also cause more future problems. Therefore, it seems to be mandatory to improve preventive strategies in communities, schools and families in this age group if it can keep the society healthy.

Male-to-female ratio in the current study was 12.6:1 and males were at a higher risk in all age groups. This ratio was 2.4:1 in Saunders et al. study ([@A23869R6]). Some other national studies ([@A23869R1]) reported male to female ratio in single occurrence of TBI from 3:1 to 4.25:1. This high proportion was probably due to the fact that the majority of our cases were labor men from low social and economic levels, who despite their prior TBI that may have been debilitating to them, had to work and therefore sustained a head injury again. Most of RTBI cases (63.4%) had an educational level lower than high school diploma. People with low levels of education who do not usually apply trauma preventive guidelines are at risk of RTBI ([@A23869R6], [@A23869R24]). Less than 40% of cases had high school and upper level graduation. This may be secondary to brain dysfunction and inability to learn and lack of academic achievement resulting from their prior TBI ([@A23869R13]). In Saunders et al. study, 38.1% of cases ([@A23869R6]) had education level below grade 12. This difference may be due to difference in background cause of injuries and their repetitions and perhaps differences between Iran and USA societies.

RTAs were the main causes (68.3) of RTBI in the present study. This result is similar to Saunders et al. study ([@A23869R6]) with 41.6% of RTBI cases caused by RTAs.

In our study, 36.6% of RTBI cases had previous ICU admission (prior severe TBI). Saunders et al. study ([@A23869R6]) showed the increased chance of RTBI with prior severe TBI. After severe TBI, patients encounter many cognitive problems such as concentration impairment and visual problems ([@A23869R13]). Twenty three (56%) of RTBI cases were drivers and 48% of them had previous ICU admissions. These worrisome results may be derived from cultural/socioeconomic poverty or psychological/personality disorders prior to TBI.

In the present study, 10 (24.4%) RTBI cases had GCS ≤ 13 (moderate and severe TBI), while 45% of patients with RTBI in Saunders et al. study ([@A23869R6]) had severe TBI. One reason for this difference is the difference in scales, which were GCS in our study and abbreviated injury scale (AIS) in Saunders' study . Another cause may be the higher incidence of trauma in our country which results in more repeated occurrences.

Epileptic persons had more injuries than the general population and 25% of these injuries had occurred during the seizures episode ([@A23869R25]). Furthermore, head is the most frequently injured anatomic organ during seizure convulsive episodes in epileptic/seizure patients ([@A23869R26]). Saunders et al. ([@A23869R6]) found a significant relation between prior epilepsy/seizure and RTBI. In this study, 9.1% of cases with RTBI had prior known epilepsy/seizure diseases. This rate was 5.6% in Saunders et al. cohort study ([@A23869R5]) and 1.6% in Annegers et al. study ([@A23869R12]). This may be due to inadequate attention to seizure treatment and control (mostly from patients' sides) or inappropriate legal preventive guidelines for epileptic patients in our country.

In our study, 7 (17.1%) cases with RTBI had post-traumatic seizure episode(s). In addition, there was a significant correlation between TBI severity and post-traumatic seizure. According to Annegers et al. study ([@A23869R12]), patients with severe TBI had a higher risk of post-traumatic seizure than those with mild TBI.

Considering the high incidence of trauma in developing countries, RTBI may also be more common compared with developed countries. This mandates a newer approach to preventive strategies, particularly in those with a previous experience of head injury.
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